In this work, six Kluyveromyces strains isolated from artisanal Fiore Sardo cheese were evaluated for some functional properties relevant to their use as probiotics.
Introduction
In the last years, increasing attention has been devoted to the development of functional foods containing probiotic microorganisms for health promotion and disease prevention in the host.
Probiotics are defined as "live microorganisms which upon ingestion in adequate amounts confer a health benefit to the host" (FAO/WHO, 2006) . Most probiotics are bacteria, mainly belonging to the genera Lactobacillus and Bifidobacterium (Gueimonde & Salminen, 2006) , while the use of yeasts is still limited, in spite of their widespread occurrence in several fermented food products, where they play an active role in production of aroma components and inhibition against spoilage microorganisms (Fleet, 2007) . To our knowledge only the yeasts Saccharomyces boulardii and Kluyveromyces marxianus fragilis are commercialized as probiotic for humans, having been proven effective in clinical studies (Czerucka, Piche, & Rampal, 2007; Maccaferri, Candela, Centanni, Severgnini, Consolandi, 2012) , but some authors have suggested the use of other yeast species or genera based essentially on their ability to survive during the passage through the human gastro-intestinal tract, their tolerance to low pH and bile salts, and their capability to control pathogenic microorganisms (Moslehi-Jenebian, Pedersen, & Jespersen, 2010) . Therefore, studies focusing on selecting new probiotic yeast strains isolated from food in which their occurrence is well known could be of interest.
Fiore Sardo is a typical Sardinian hard cheese, produced exclusively in Sardinia according to ancient production techniques. It is a protected designation of origin cheese made from raw ewe's milk without the addition of starter cultures, and therefore the maturation period is carried out solely by the indigenous microbial flora present in the milk and in the dairy environment. In a previous survey carried out in our laboratory to identify the yeast species present throughout the ripening process of this artisanal ewe's cheese, several autochthonous yeast strains, characterized both technologically and genotypically, showed particular properties which can contribute to the production of typical cheese taste and flavor (Fadda, Mossa, Pisano, Deplano, & Cosentino, 2004) . Among the predominant species identified, Kluyveromyces lactis and Kluyveromyces marxianus are included in the European Food Safety Authority list of Qualified Presumption of Safety biological agents added to food and feed (EFSA, 2013) . Since the importance of these species in food fermentation is well known, characterization of their probiotic properties is gaining relevance.
The aim of this work was to evaluate six Kluyveromyces strains for some functional properties relevant to their use as probiotic cultures.
Materials and methods

Yeast strains
The yeast strains (Table 1) were isolated from Fiore Sardo cheese as previously reported (Fadda et al., 2004) and maintained in our laboratory's culture collection. The probiotic strain Saccharomyces boulardii isolated from the commercial product Codex (Zambon, Italy) and a strain of Kluyveromyces lactis isolated from a milky kefir grain obtained from a family that traditionally consumed kefir, were included in the study for comparison purpose. All strains were able to grow at 37 C.
Molecular characterization of strains
PCR-RFLP analysis
Genomic DNA was extracted as previously described (Fadda, Viale, Deplano, Pisano, & Cosentino, 2010) . NS1 (5 0 -GTAGTCA-TATGCTTGTCTC-3 0 ) and ITS2 (5 0 -GCTGCGTTCTTCATCGATGC-3 0 ) primers were used to amplify most of the 18S gene, the ITS1 segment and most of the 5.8S gene in ribosomal DNA. Amplification and digestion of PCR products with HaeIII (Sigma, Milano, Italy) were carried out according to Fadda et al. (2013) .
Dendrogram analysis of RFLP fragments was carried out with GelComparII software package, version 6.5 (Applied Math, Kortrijk, Belgium), using the Unweighted Pair-Group Method with Arithmetic mean (UPGMA) algorithm and Dice similarity coefficient. Restriction fragments shorter than 100 bp were not considered in the analysis.
DNA sequencing
The D1/D2 domain of the 26S rRNA gene was amplified and sequenced as previously described (Fadda et al., 2013) . The sequences are deposited at GenBank National Center for Biotechnology Information (NCBI), USA under the accession numbers listed in Table 1 NaHCO 3, 0.239 g L -1 KCl, 1.28 g L -1 NaCl, 0.1% pancreatin) adjusted to pH 7.4 with 5 M HCl, and 4 mL of 10% (w/v) oxgall (Sigma) were added to the cell suspensions to simulate passage into the upper intestinal tract (Pisano et al., 2014) . After 0 (T0), 90 (T1), and 270 (T2) min of incubation, the survival rate was determined by the plate method using YEPD incubated at 37 C for 48 h.
Autoaggregation capacity
Overnight yeast cultures in YEPD broth were centrifuged for 10 min at 5000 g at 4 C, washed twice and resuspended in phosphate buffered saline (PBS, 3 mL), vortexed for 30 s and incubated for 2 h at 37 C. An aliquot (1 mL) of these suspensions was carefully removed from the upper zone, and the OD 560nm was measured before and after incubation, using a spectrophotometer (Ultraspec 3000, Pharmacia Biotech, USA). The autoaggregation was expressed as 1 À (ODt/OD 0 ) Â 100, where OD 0 and ODt are the optical density before and after incubation, respectively.
Hydrophobicity
Overnight yeast cultures in YEPD broth were centrifuged for 10 min at 5000 g at 4 C, washed twice and resuspended in PBS adjusted to an OD 560nm of approximately 1.0 in the same buffer. Three milliliters of these suspensions were added to 0.6 mL of nhexadecane (Sigma) and vortexed for 120 s. The two phases were allowed to separate for 1 h at 37 C. The aqueous phase was carefully removed and the OD 560nm was measured. The percentage of hydrophobicity was evaluated as the percentage of reduction in the optical density of the aqueous phase and calculated with the formula [(OD 0 À OD)/OD 0 ] Â 100, where OD 0 and OD are the optical density before and after extraction with n-hexadecane, respectively.
Adhesion to Caco-2 cells
The human colonic carcinoma cell line Caco-2 (ECACC, Salisbury, UK) was routinely cultured in Dulbecco's modified Eagle's minimal essential medium (DMEM, Sigma), supplemented with 10% (w/v) fetal bovine serum (FBS, Sigma), 1% (w/v) nonessential amino acids solution (Sigma), and antibiotic solution (100 U mL -1 penicillin, 100 mg mL -1 streptomycin). Cells were maintained in T-75 culture flasks at 37 C in a 5% CO 2 atmosphere. For adhesion assay, the Caco-2 cells were seeded at a concentration of 10 5 cells/well in 6-well tissue culture plates (Falcon ® , Corning, USA) to obtain confluence and cultured for 14 days prior to use in adhesion assay. The cell culture medium was changed on alternate days and replaced by fresh DMEM supplemented with 2% (w/v) FBS and without antibiotic at least 1 h before the adhesion assay. A 1 mL aliquot of yeast suspension (10 6 cfu mL -1 in PBS) was added to each well of the tissue culture plate and incubated at 37 C in a 5% CO 2 atmosphere for 3 h. Afterwards, the cells were washed three times with 1 mL of PBS in order to remove non adherent yeasts and lysed by addition of Triton X-100 (0.05% solution) for 10 min, then appropriate dilutions were plated on YEPD agar. Adhesion was expressed as the percentage of yeast adhered to Caco-2 cells compared to the initial amount.
Antimicrobial activity
The strains were screened for antagonist activity against the indicator strains listed in Table 5 using the agar spot method described by Schillinger and Lücke (1989) with some modifications. Fresh overnight cultures of yeast strains were spotted onto the surface of YEPD agar plates, incubated for 48 h at 37 C. The indicator strains were inoculated into 7 mL of soft agar medium (nutrient broth containing 0.7% w/v agar) to a final concentration of approximately 10 7 cfu mL -1
, then the soft media were poured on the plates. After 24 h of incubation at the optimal growth temperature and atmosphere for the indicator strains, inhibition halos were measured. The width of the clear zone (R) was calculated as follows: R ¼ (dInhib À dSpot)/2, where dInhib is the diameter of the zone without pathogen growth and dSpot is the diameter of the spot.
Safety assessment
Hemolytic activity was determined by inoculating the strains on blood agar plates (Microbiol) containing 5% defibrinated sheep blood after 48 h of incubation at 37 C. The development of a clear zone of hydrolysis around the colonies was considered as positive result (b-hemolysis).
The susceptibility of the strains to antifungal agents was assessed using the disc diffusion method according to CLSI document M44-A2 (2009). A suspension from fresh overnight cultures with a density of McFarland 0.5 was cultured on Mueller-Hinton agar plates supplemented with 2% glucose and 0.5 mg of Methylene blue per ml. Filter paper discs (Rosco Diagnostica, Denmark) with different antimycotics were placed on the agar. After 24 h of incubation, the zones of inhibition around the discs were measured and the yeast strains were considered susceptible (S), intermediate (I) or resistant (R) as reported in Table 6 .
Statistical analysis
All experiments were run in triplicate and data expressed as mean ± standard deviation or standard error. Counts were converted to log 10 cfu mL -1 . Statistical analysis of data was carried out using GraphPad Prism Statistics software package version 3.00 (GraphPad Prism Software Inc., San Diego, USA). One-way ANOVA followed by a Tukey's posthoc was used to determine significant differences of viability of the yeast strains during SSDP treatment and with respect to the adhesion ability. Differences were considered statistically significant at P < 0.05. Fig. 1 shows the PCR-RFLP profiles and clusters of the yeast strains analyzed. At a similarity of 65% the strains grouped in three clusters. Isolates of cluster 1 were identified by sequencing of the D1/D2 domain of the 26S rDNA as Kluyveromyces marxianus, while those of cluster 3 as Kluyveromyces lactis. Cluster 2 was represented by the Codex Saccharomyces boulardii strain. Kl. lactis from kefir was grouped with the other Kl. lactis strains at a similarity value of 75%.
Results and discussion
Molecular characterization of strains
In recent years, PCR-based molecular methods have been proved useful for yeast identification and characterization (El-Sharoud, Belloch, Peris, & Querol, 2009; Fadda et al., 2013) . Our results confirmed that PCR-RFLP analysis provides good discrimination at both species and strain level.
Probiotic evaluation
The main goal of this work was to study some functional properties of Kluyveromyces strains with the intention to propose their use as potential probiotics in foods.
To this purpose, 21 Kluyveromyces strains previously isolated from Fiore Sardo cheese and characterized by phenotypic and technological criteria (Fadda et al., 2004) were analyzed. Because tolerance to low pH and bile salts is considered a prerequisite for probiotic organisms to exert their beneficial effects, a preliminary screening based on the ability to growth at pH 2.0 and in presence of bile salts was applied to the strains. Only six strains showed a percentage survival higher than 95% after exposure to pH 2.0 and in presence of 0.3% (w/v) bile salts and were therefore selected for further study (data not shown).
BSH activity is a relevant property for probiotic strains to survive the toxicity of conjugated bile salts in the duodenum (de Smet, van Hoorde, van de Woestyne, Christiaens, & Verstraete, 1995) . In our study, all strains were able to grow in the presence of conjugated bile salts after 72 h of incubation, and five (Codex, 17bKL1, 17bKL2, NS2KL9, NS1KM2) also demonstrated the ability to hydrolyze both sodium glycodeoxycholate and sodium taurodeoxycholate, as indicated by the BSH test on agar plates (see Table 2 ). Some authors have shown that in yeasts the resistance to bile salts toxicity is not related to hydrolase activity (Aloglu, Ozer, & Oner, 2016; Sourabh, Kanwar, & Sharma, 2011) . Other mechanisms, alternative to BSH, could be involved in counteracting bile damage, as suggested by Noriega, Cuevas, Margolles, and de los Reyes-Gavil an (2006) . BSH activity is frequently observed in specific groups of bacteria like Lactobacillus and Bifidobacterium isolated from the gastro-intestinal tract (GIT) (Vizoso Pinto, Franz, Schillinger, & Holzapfel, 2006) but it has rarely been reported for yeasts. In the study by Sourabh et al. (2011) none of the 23 S. cerevisiae isolates was able to show deconjugation activity on PDA plates supplemented with glycine and taurine conjugated bile salts while Aloglu et al. (2016) found several yeast strains of food origin with this property.
Presently the role of BSH is controversial since it has been reported to act either positively in lowering of serum cholesterol (Nguyen, Kang, & Lee, 2007) or negatively in increasing the level of undesirable deconjugated bile salts (Corzo & Gilliland, 1999) . However, it is known that the bacteria most frequently used as probiotics (bifidobacteria and lactobacilli) cannot convert the unconjugated bile acids into secondary bile acids (Ramasamy, Abdullah, Wong, Karuthan, & Ho, 2010) . On the other hand, BSH activity by a probiotic bacterium may be desirable since it increases the intestinal survival and persistence of producing strains, which in turn increases the overall beneficial effects associated with the strain (Begley, Hill, & Gahan, 2006) . Potential probiotic yeasts should be able to survive while passing through the human GIT since viability plays an important role in certain of their beneficial properties (Romanin et al., 2010) , therefore the strains were assessed in vitro for their survival after 90 and 270 min of exposure to different gastrointestinal conditions, as shown in Table 3 .
All strains survived well under simulated gastric conditions (pH 3.0), which is not surprising since it could be related to an adaptation to acidic conditions in the natural environment (cheese) from which the strains were isolated and where they usually coexist with lactic acid bacteria. A reduction in viability was found for the Kl. lactis strains after exposure to artificial duodenum juice (pH 8.0), with the exception of the Kefir strain. Four strains maintained elevated cell numbers under conditions simulating passage through the human GIT, with values significantly higher (P < 0.05) than those obtained for the probiotic strain S. boulardii Codex. Two Kl. marxianus strains (FS14KM1 and 6688 KM) showed survival rates above 100% after 3 h despite the high bile concentration (more than 1%) used in the test. These results are consistent with those previously reported for potentially probiotic yeast strains associated with food (Aloglu et al., 2016; Kumura, Tanoue, Tsukahara, Tanaka, & Shimazaki, 2004) , although the ability to survive under simulated GIT conditions has been reported to be variable and strain dependent in isolates of food origin (Binetti, Carrasco, Reinheimer, & Suarez, 2013) . Pennacchia, Blaiotta, Pepe, and Villani (2008) established a survival percentage benchmark !70% to select yeast strains as potential probiotics. In our study only four strains met this criterion, anyway all strains decreased their counts of about one log maximum, demonstrating they could reach the intestine in high numbers. Surprisingly, probiotic Codex strain showed a 64% decrease in viability after exposure to artificial duodenum juice, in contrast with the results of Perricone, Bevilacqua, Corbo, and Sinigaglia (2014) where S. boulardii ATCC-MYA-796 did not undergo any significant change in cell counts in bile salts and pancreatic juice. On the other hand, another strain of S. boulardii isolated from a commercial product was found to be more sensitive to bile salts than several kefir strains by Diosma, Romanin, ReyBurrusco, Londero, and Garrote (2014) . These diversities may be due to different assay conditions in the studies.
Among the desirable properties of a potential probiotic microorganism is the ability to adhere to intestinal cells, thus providing advantages in the colonization of the GIT. Adhesion is a complex trait that could be a multistep process in which both non-specific and specific mechanisms play a role (Sourabh et al., 2011) . One of the traits associated with the adhesion capacity is the ability to form cellular aggregates (Del Re, Sgorbati, Miglioli, & Palenzona, 2000) . As reported in Table 4 , the autoaggregation percentages varied among the tested strains, with S. boulardii Codex displaying the highest value (81.5%). The other strains showed intermediate autoaggregation ability with mean values between 39.1 and 59.2%. Overall, Kl. lactis strains had percentages slightly higher than Kl. marxianus strains, ranging from 44.5 to 59.2.
The isolates were also screened for their cell surface hydrophobicity property, that is considered to be another important factor in the adhesion and proliferation of microorganisms on the 
presence of halos around the colony was detected. b þ: white opaque colonies were observed. Table 3 Resistance of yeast strains in simulated gastric and intestinal environment. All result are expressed as log 10 cfu mL -1 (mean ± standard deviation of three experiments). (KL: Kluyveromyces lactis; KM: Kluyveromyces marxianus; Codex: Saccharomyces cerevisiae).
Strains
Initial mean count (T0) Survival after 90 min exposure to artificial gastric juice (T1) Survival after 270 min of which 180 in synthetic duodenum juice (T2)
Decrease in viability % a CODEXSB1 6.74 ± 0.06 6.62 ± 0.03 6.29 ± 0.13 64.5 KEFYRKL1 6.60 ± 0.15 6.86 ± 0.13 6.54 ± 0.28 13.1 17bKL1 6.99 ± 0.39 7.02 ± 0.45 6.49 ± 0.01 68.1 17bKL2 6.79 ± 0.07 6.87 ± 0.03 6.14 ± 0. intestinal epithelial cells (Del Re et al., 2000) . Again, a certain variability was observed in our strains (Table 4) , but for all isolates but one (17bKL1, 39.9%) the values were above 50%, ranging from 53.6 to 79.6%. In the work by Al-Seraih, Flahaut, Krier, Cudennec, and Drider (2015) the control strain S. boulardii IS showed autoaggregation and hydrophobicity values of 39.01 and 71.31, respectively, in good agreement with those obtained in our study for Codex strain. Our data are also in agreement with those reported by Binetti et al. (2013) for Kluyveromyces strains, and similarly we could not find a clear correlation between autoaggregation and hydrophobicity. In fact, as reported by other authors (Del Re et al., 2000; Rahman, Kim, Kumura, & Shimazaki, 2008) , although these traits are associated with adhesion they are independent of each other.
The ability to colonize the intestine, at least temporarily, by adhering to the intestinal epithelium has been indicated as a criterion to select probiotic yeasts (Tuomola, Crittenden, Playne, Isolauri, & Salminen, 2001) . The adhesive capacity of the yeast strains was evaluated using Caco-2 cells, a largely accepted in vitro model, and is reported in Fig. 2 . All strains were able to adhere to Caco-2 cells to various extents (ranging from 4 to 68%), confirming that adhesion is a strain-specific property. Two Kl. lactis strains showed significantly higher adherence to Caco-2 cells than S. boulardii Codex used as positive control (P < 0.05) and the other strains tested. Kl. lactis 17bKL2 was the most adhesive, since approximately 68% of the added bacteria were bound to Caco-2 cells, followed by Kl. lactis 17bKL1 and NS2KL9 (30 and 22%, respectively). A lower adhesion rate was observed for Kl. marxianus strains (4e13%). These findings are in agreement with those of other authors, who have observed the adherence ability of Kl. lactis strains and the inability of S. boulardii strains to adhere in in vitro experiments (Diosma et al., 2014; Kumura et al., 2004) . In contrast, in the study by Maccaferri and Klinder et al. (2012) a dairy Kl. marxianus strain (BO399) was classified as strongly adhesive.
Although probiotic adhesion to intestinal mucosa has been shown to interfere with the adherence of pathogens through competitive exclusion mechanisms (Jankowska, Laubiz, Antushevich, Zabielski & Grzesiuk., 2008) , it has been observed that even yeast strains with low adherence ability could be effective in reducing adhesion of pathogenic bacteria. van der Aa Kühle, Skovgaard and Jespersen (2005) demonstrated that low-adhering food-borne S. cerevisiae strains had protective effects on bacterial infections via reduction of the intestinal pro-inflammatory response, and Tiago et al. (2012) showed that some S. boulardii and S. cerevisisae strains were able to prevent Salmonella and E. coli adhesion to specific receptors on the intestinal epithelium, hence their invasion in the host, by capturing pathogens on their surface.
Antagonistic activity against pathogenic bacteria is among the important features of probiotic strains. As shown in Table 5 , Kl. lactis strains showed the broadest inhibitory range, comparable to that of Codex: they were able to inhibit the growth of S. aureus ATCC 25923 with clear inhibition zones of more than 6 mm in agar-spot plates and showed a certain degree of activity against E. coli, Salmonella enteritidis, Salmonella Typhimurium and C. glabrata as well. In general, few food-borne yeasts have been found to possess clear antagonistic activity (Binetti et al., 2013; Silva et al., 2011) . On the other hand, isolates with antimicrobial activity against food-borne pathogens may be helpful in ensuring the hygienic quality of dairy products, if used as adjunct cultures. 
, where dInhib is the diameter of the zone without pathogen growth and dSpot is the diameter of the spot.
Safety assessment
In order for a strain to be used as probiotic culture, it should be evaluated for the presence of virulence determinants to assess what potential risks might be involved in its use. All the strains were non-haemolytic and sensitive to the clinical antimycotic agents tested (Table 6 ), in agreement with the findings of Ceugniez, Drider, Jacques, and Coucheney (2015) for Kluyveromyces dairy strains. Moreover, the natural yeast resistance to antibacterial antibiotics and the lack of genetic material transfer between bacteria and yeasts makes the latter good probiotic candidates (Czerucka et al., 2007) .
Conclusions
In conclusion, the results presented in this study indicate that six yeast strains isolated from artisanal Fiore Sardo cheese possess interesting functional traits and absence of undesirable properties, and therefore could be considered appropriate probiotic candidates. Since the same strains have been shown to possess interesting technological characteristics in a previous study (Fadda et al., 2004) , they could be used as adjunct cultures for contributing to the quality and health related functional properties of dairy products. However further studies need to be carried out on the evaluation of additional important features such as antioxidant activity, assimilation of cholesterol, anti-inflammatory properties, as well as for the validation of the isolates through clinical trials. 
